THE HOMOLOGIES OF THE AKM JOINTS AND ARM DIVI- 
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OF THE COMATULIDA AND THE PENTACRINITIDH:. 
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Hitherto, most writers on the recent crinoids have considered the 
arms as beirimiin^' with the first joints beyond the ('* primary ") 
radials; but so fai* no one has pointed out the exact relations between 
the arms and arm joints of the different irenera and families. 

Dr. P. II. Carpenter, in his most admirable essay on the ueniis 
(i. e., Cowaxter and Comaf^tla) , pointed out tliat in 
the Comatulida the first two joints beyond each, axillary are always 
articulated in the same way ns the two first post-radial joints, no 
matter how many axillaries may intervene between the radials and 
the free, undivided arms. He does not here mention the genus lAi- 
(Uocri)ms, as understood by him, but in his inonogTaph of the recent 
stalked crinoids^ he says: 

In the five-ann(‘(l IJndiocruius indirisus the next joints heyoiul the radials are 
syz.v.LTial, with pinnules on the epizypils, which clearly sIioavs that they ninst 
he considered as arm joints and not as belonjjincr to the calyx, althniiLih tliey 
inidonhtedly represent tlie so-called second and third radials of a ten-armed 
crinoid. The other sjiecies of Fudiocriinis have these two primitively s(‘parate 
joints not united by syzy?.v luit articulated, just as in Thamnatocrhius, The 
second one bears a pinnule both in Tlia lunatijcriniis and in Eudiocriniis rar'iiUis; 
but in I'JudifX'rinus smifirri and JJiidiocrin us japonicus the first pinnule is on 
the fourth joint aftm* the I’adial. This would correspond to tlu' seecmd 
brachial of a ten-armed criimid, hut it is really the fourth brachial in Eudio- 
erhuis. Lastly, in Perrier’s Eudiocriniis athuitirus ^ the first pinnule is on the 
fifth brachial, which corresponds to the third brachial of an Antedon. 

® On the semis Actinometra, Miilh, with a morpholosical account of a new 
species (A.) polffnioridia from the Philiiipine Islands, Trans. Linn. Soc. (ZooL), 
[21, II, pi>. 1-122, pis. T-viTi, (1870). 

^ Re])ort upon the Crinoi<lea collected during the voyage of II. M. 8. C’hallenger 
during the years 1873-1870: Pt. 1, the Stalked Crinoids, Challenger Reports, 
vol. XI of Zoology, i>. 47 (1SS4). 

^ In reality the first pinnule in semperi, japouicus, and atlanticus is on exactly 
the same joint: l>nt Perrier considi'red syzygial pairs as two joints. Cariienter 
as a single joint “ with a syzygy : ” hence the confusion. 
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While correct so far as Evdiocrhais indicisus goes, tliis construction 
is quite wrong for semperi^ japoniciis^ and atlantieiis^ as will be shown 
later. 

In regard to Metacrimis^ Doctor Carpenter says that the first post- 
radial joint “ is actually a syzygial joint with a pinnule on the epi- 
zygalj just as in the simpler E udiocrhuis indiidsus^ but an axillary 
appears a few joints farther on and the rays begin to divide.'" Xow, 
although no definite statement is made, the infei-once is that he con- 
siders the two first post-radial joints in MetcKpinus to be, as in the 
case of Eudiocrinus i)nUvisus, homologous with the first two post- 
radial joints of a ten-armed ciinoid. This is erroneous; but had he 
compared ~Metacrh\\is to ^^Endiocrin\(S^'' carians^ ^emperi^ japonicus^ 
or atlanticus it would have been correct, as will appear latej*. 

Of the remaining recent genera (as then known) he says: 



111 the otlior PontacriniUa\ however, in Bafhycriinia, Ifolopiis, and in most 
Coniatnhe, as well as in the fossil Encriiins and ApiorrinitUr, the second joints 
above the primary radials are axillaries, and it is not till the second (or rarely 
the first joints lieyond these that the ])innules a])]>ear. In all these ty]ies, 
the axillary and the joint immediately helow it are of the same width as the 
iwimary radials in the calyx. But in }larsnpites and in many raheoerinoids 
{PJatijcrhiKS, Cyothocrinus, etc.) they are very much smaller than the primary 
radials, just as the homologous joints are in 11 yovrluns. 

ddic first thing in discussing brachial homologies in the crinoids is 
to determine upon some method by which we may, with a fair degree 
of certainty, fix iqton single joints, or a pair of joints, as being homo- 
logous in all the genera and species considered, no matter where we 
may find them; when this point is once decided it will l)e easy enough 
to woilv IjaclvAvard and forward from it, and to arrive at the homo- 
logies of tlie adjacent parts. Fortunately the determination of su(*h 
a joint is comparatively simple, when we have a clear imderstanding 
of the types of articulation occm*riug among the recent crinoids of 
the families under consideration. These fall at once into two groups, 
iPHsndar artfCHhftionx^ and noDmusndar itrficnlafionH^ ditfering, as 
their name imj)lies, in the presence and aJxsence of muscle bundles. 
The ditferences between them may be shoitly summarized as follows: 



Musf’ULAR Artk'cLxXTIoxs (divided 
into (c) sirnUjlii, \\\\([ ih) ohUyiir). 

Muscle handles present. 

May hear |unnnl(‘s. or may he 
doubled, thus forminj.c an axillary with 
an additional arm. 

Whether pinnnlate or not always af- 
fects the i)osition of the next follow- 
ing: pinnule, throwin^^ it to the opjio- 
site side of tlu‘ arm from the immedi- 
ately ])recedinj: i)innnle. 



XONMCSt TLAlt ARTlCri.ATlONS (di- 

vid(‘d into <c) syuarfhric.'i or hifasci<(l 
orfinilafioiis and UO .syzyyICH), 

Muscle bundles ahS(Mit. 

Nev(‘r hear ]unnules, and are never 
douhh'd. 

Have no effect on pinnulation ; the 
sncceedini^ lunnnle (jccii]iies exactly 
ih(' same i»osition as it would were the 
iionmuscmlar articulation not there, 
hut the two joints connected by it 
merely a single joint. 



“See beyond, under Comasfer and Isocrinu^s, and also Metaennus, 
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“ S T U A I O II T 
M U C U LA It” 
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It is evident that thei'e is a very radical dillerence between lhe.se 
two types of articnlation inorpholooically in their eil'ect upon the 
arm structure as well as in their composition. 

Muscular articulations fall iiatiii-ally into two types, which, so far 
as I have seen, are always perfectly distinct, a}ul are 
not intcrchangeahle in position:^ 

{a) Straight iniis(ailar articulations (fio-. 1), which 
have the transverse rid^e separating the large doi*sal 
ligament fossa from the interai’ticular ligament fo.ssaj 
perpendicidar to the dorso- ventral axis of the joint 
face, and the two interarticular and inuscuhn* fossm 
similar and equal in size.^ This is the type of articu- 
lation by which the radial articulates with the next 
following joint, and it is never found beyond the distal 
faces of the last axillary in any arm, and sometimes does not occiii' 
even so far out as that. (See below under Metacrinus^ Isoerinus^ and 
Coniaster,) 

In an external dorsal view of an arm a straight ninscular articula- 
tion ma}" be distinguished l)v having the two })oints of 
contact of the two joints lateral and e(iuidistant from 
the median dorsal line (figs. 10 and 11). 

(&) Ohligue muscular articulations (fig. 2), which 
have the transverse ridge .separating the large dorsal 
ligament fo.ssa from the interailicular ligament fo.ssje 
strongly ()i)li(|uc (eithei* to left or right) to the doi-.so- 
venti*al axis of the joint face, accompanied 1)V a coi'n*- 
sponding distortion of the intei’ailicular and mii.scular 
fossae. This type of articulation is first found at the 
second articnlation hegond the last straight muscular articulation. 
and immediately sui'ceeding the last synarthry (see below), and con- 
tinues thence throughout the arm, except for the occasional inter- 
polation of syzygies. 

Ohligue muscular articulations ai’c at once recog- 
nizalde in an external dorsal view of an arm (figs. 10 
and 11) by having the two points of contact, represent- 
ing the ends of the transverse ridge, one dorso-lateral 
the other ventro-lateral ; when occurring on the distal 
faces of axillaries (figs. 0 and 8) they may l)e distin- 
guished fi’om straight muscular articulations (figs. :> 
and 4) by having the dorsal points of contact on either 
side of the anterior angle of the dorsal surface of the joint, instead 
of exactly at the anterior angle as is the case with straight muscular 
ailiculations. 




Fig. 2. — Articu- 
lar FACE OF 
AX “ OBLIQUE 
M U .S C U L A R ” 
ARTICULATIOX. 




Fig. 3. Ax AX- 

ILLARY W I T II 
S T RA I G II T 
M U S C UL A R " 
DISTAL FACES. 



^ See footnote on p. 118. 

^ In the case of straight muscular articiilat}o)is on the distal faces of axil- 
laries, the outer elements of the joint faces are somewhat cut away. 
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Fig. 4. — Dorsal view of 

AN AXILLARY UNITED TO- 
TIIE PREUEDINC JOINT 
BY “ SYNARTIIRY,” AND 
TO THE TWO SUCCEED- 
ING BY “ STRAIGHT MUS- 
CULAR” ARTICULATIONS ; 
THE TWO POST-AXILLARY 
JOINTS ARE INITED BY 
SYNARTHRY,” 
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X onmiiseidfir articnJatlons fall also into two types: but, contrary to 
what we found to be the case in irDiscalar cniicjilations. the second 
type may partially or wholly replace the first 
in a giyen arm, though the reyerse is not true: 
{a) Synarthrles or hf fascial articulations 
(fig. r>) ; these are distinguished by haying 
the joint faces Avith a ])air of large shallow 
pits, separated by a ridge which traA^erses the 
joint face along its clorso-AyuUral axis; this is 
the type of articulation Avhich is always found 
on the distal end of a joint the proximal end of 
Avhich is united to the preceding by a straight 
muscular articulation^ and occurs nowhere else ; 
aiiA", or all, synorthries in an arm maA" be re- 
placed by syzygies. The most distal synarthry 
in an arm is alAA\ays immediately folloAved b}^ an ohligue muscular 
articulation,, as stated aboAT. 

Synarth ries are readily distinguisliable iira dorsal ex- 
ternal yicAA^ of an arm 1)A" haying the points of contact 
exactly in the median dorsal line (figs. 4, 10, and 11). 

(i) Syzygies (fig. 7) : the joint faces are unmarked, 
or are marked Avith striations radiating outAvard from 
the central canal, the articulation being extremelA" close, 
etfected by numerous short ligament fibers AA'hich are not segregated 
into bundles. Syzygiex may replace any or all syn- 
arthries, and occur at interyals throughout the arm. 

Syzygies are at once recognizable dorsally by the 
extreme closeness of the articulation, Avhich appears 
as a A^eiw fine or dotted line. In draAvings syzygies 
are alAA ays represented by dotted lines (figs. 10 and 11 ). 

From the aboye discussion it is eyident that there 
are tAvo joints in each arm Axhich, by their mode of 
articulation Avith each other and their neighbors, are 
sliarplA^ differentiated from all the other joints; I refer to the joints 
on either side of the last synarthry : these joints 
hnvQ articulating faces as folloAys: a straight mus- 
cular articulation, binding the first to the preceding 
joint, a synarthry, b}^ Avhich the joints are bound 
together, and an ohligue muscular articulation,, 

AAdiich binds the moi*e distal of the two to the suc- 
ceeding joint. Of course, as has been mentioned, the 
synarthry may be replaced by a syzygy; but there is 
no difficulty in distinguishing the pair CA^n in that 
case, for it is the only syzygial pair united to the preceding 



Fig. 5. — Artic- 
ular FACE OF 
A S Y N A R- 
THRY.’-’ 




Fig. G. — An axil- 

L A R Y WITH 
” OBLIQT’E MUS- 
CULAR ” DISTAL 
FACE.S. 




Fig. 7. — Articu- 
lar FACE OF A 
S Y Z Y G Y 
(ADAPTED FROM 

Chadwick). 
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joint by a straight muscular^ and to the succeediiu;' by an ohliqae 
musealar artinitation. Having* now cliscoveivd a 
pair of joints, which we may for convenience 
call and Zo, whicli are, no matter 'where they 
may bo, always readily identifiable, we are now 
ready to enter into a detailed discussion of tlie 
brachial homologies. 

Note. — In the illustra- 
tions Zj is in all cases dot- 
ted, and Z. is solid black. 

Pentametrorrinldw ( figs. 

0, 10, 12, and lo). — I re- 
cently'^ separated under the 
name of Pentametrocrinus 

s])ecies atlantlcus^ japoalcas^ semperi^ tnherca- 
JatiiS^ and varians. Avhich had j)reviously been 
confused, because of their undivided arms, 
under the generic name of EncUoerinus^ Avith 
Eudiocrbnis indirisus and grannlatus^ on ac- 
count of the simplicity of their arm structure, 
which agi’ees with that of the species Decanie- 
trocrimis (fig. 13) and Avith Thanmatocrlmis 
(fig. 12) Avhich also have undivided arms, Avith 
Avhieh I united them under the family name of 
Pent a m e t roc r i n i da*. 

In this family, Pentametrocrinida\ Ave find 
the foIloAving sequence 
of articulations: straight 
muscular between thera- 
dials and the following 
joints; sgiiarthrial be- 
tAveen the first and sec- 
on d post - ra d i a 1 j o i 11 ts ; 
ohlique muscular betAveen 
the second and third 
post-radial joints; Ave at 

once recognize, therefore, the joints Z^ and Z^, 
for all the succeeding articulations, as is ahvays 
the case after the first ohlique muscular articu- 
latio)\^ are also ohlique muscular^ or more 
rarely, syzyglcs. Thus the family Pentametrocrinida' exhibits the 

^ Now Oeiiorn of T'nstnlked Criuoids, Proc. Biol. Soc. Washington, XXI, pp. 
125-136 (April 11 , 1008 ). 




Fig. 11. — Pkoximal tartof 

ARMS OF Thai MATO ME- 
TRA TE.XUIS, SHOWING 
THE EXTERNAL AFFEAR- 
ANCE OF THE ARTICULA- 
TIONS. 




B^ig. 10. — Proximal fart op 

ARM OF PENTAMETROI’RI- 
NUS T r R E R C U L A T U S , 
SHOWING THE EXTERNAL 
AFFEARANCE OF THE AR- 
TICULATIONS. 




B*ig. 9. — Pentametro- 
CR I X I D.E ; Pe n ta m etro- 
CRINUS (ADAFTED FROM 

P. II. Carfenter.) 




B"IG. S. 1) O R S A L VIEW 

OF AN AXILLARY, ALL 
THREE OF WHOSE FAI’ES 
ARE OELIQUE MUSCU- 
LAR : ” THE ARTK'ULA 
TION BtrrWEEN THE TWO 
FOST-AXI LLARV .1 OI NTS 
IS ALSO “ OKLIQUE MUS- 
CULAR.” 

(ligs. 9 and 10) the 
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Km. 1 2 . — Pe XT a m etro v r i 
X 1 D .n ; TiiAU.MATorai 
XUS (ADAPTED FROM 1' 
11. ('ARPEXTER). 



simple.st type of arm structure possible, and followed by 
bracbials of the type common to the distal 
part of the arm in all the other types. 

EiuUocrinus (I’estricted) (fig. 14). — In this 
genus, in which the five arms are undivided, 
the sequence of articulations is as follows: 
straight mnsealar between the radials and 
next following* joints; syzggy between the first 
hvo post-radial joints (therefore occupying 
the position of a syaarthry) ; straight masca- 
lar again, a pinnule being developed on the 
proximally adjacent joints; synarthry (with, 
of course, no pinnule) ; ohrupie mnscala)\ a 
l)innule being developed on the proximally ad- 
jacent joint on the opposite side to the first 
pinnule, as pinnules always alternate in posi- 
tion at succeeding articulations, unless the 
articulation is a primarily nonpinnulate syn- 
arthry or syzygy, which has no etl'ect on pin- 
nulation. In the third and fourth post-radial 
joints Ave can again immediately recognize 
our Zj and Z^; therefore, the first two post- 

i*adial joints in the Pentametrocrinidae are homo- 
logous with the third and fourth post-radial joints 
in Eadiocrinvs, But Avhat are the two joints be- 
tween tlie radials and Z^? It is evident that the 
fir.st post-radial joint agrees with Z^ in the manner 
of its proximal and distal articulations, except that 




Fig. 13. — Pextametrocri- 
X I D .i: ! Deca^ietrocri- 
xrs (ADAPTED FROM P. 
II. Carpenter). 




Fig. 1 -4 . — Z ygom et- 
R1D.F3 ; Eudiocrixu.s. 



the normally present synarthry is replaced 
syzygy, Avhich, as it is morphologically the 
thing, is a point of interest, l)ut not of importance; 

Z^ agrees with the second post -radial joint in 
having proximally a synarthrial articulation, dis- 
tally a imtsodar (but straight in.stead of oblique 
muscular) : thus Ave find that tin* arms of EacUo- 
eriiius resemble those of the Pentametrocrinidjc, 
except that Z^ and Z^ are repeated, the addi- 
tional pair being interpolated betwcov and the 
radials.^ 



by a 
same 




Fig. 15. — Zvgomet- 
rid.t: ; Zygometra. 



“In cases like this where Zi and Z2 are repea tetl, the primarily ohliquc nins- 
cuUiy (U'ilenhition on the distal face of Z2 is, on the interpolated rejieti- 
tions, transformed into a stniUjht mnnicnltir articuhiiion. This articulation 
would noi-mally he oblique muscular when considered as the distal articula- 
tion of a Z2; hut, considered as the iiroximal articulation of the following 
Zi, it is, of course, stvaigUi muscular: \A’henever an articulation is morpho- 
logically both straight and oblique miisciihn\ the former, being dominant over 
the latter, is always found. 
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Ateleerlnkliv (fig. 18 ) niid Antedonkhv^ (fig. IT). — Tn these fam- 
ilies the arms, instead of i*emaiiiing single throughout, fork at the 
second jDOst-radial joint; this is a matter of no real impoi'tance so 
far as the arm structure goes, for it must be remembered that any 
muscular articulation, whether sfruk/ht or oblique^ occurring at the 
distal end of a joint may diyide and form two, 
from which two similar arms arise: the important 
thing is not the forking of the arms, but the de- 
termination to what type of muscular articulation 
belong the articular faces on the distal end of the 
axillary. 

Bearing this in mind it will be found that the 
.sequence of articulations of the.se two families is as 
follows: straight muscular between the radials and first post-radial 
joints; sjpiarthrlal between tlie first two post-radial joints; straight 
muscular between the second po.st-radial (axillary) and third post- 
I’adial (first po.st-axillaiw) joints ; l)et ween 

the third post-radial (fir.st post-axillaiy) and fourth 
(second post-axillary) joints, and oblique muscular 
between the fourth and fifth post-radial (second and 
third post-axillary) joints. The first and second 
post-axillary, or third and fourth post-radial joints, 
therefore, are our and Z^, while the fii*st and second 
jiost-radial joints (tlie second an axillary) corre- 
spond to the fii*st and second post-radial joints in 
E udlocrlnus (in which the second is not an axillary, bearing merely 
a pinnule instead of an additional arm), and are really an inter- 
polated reduplication of the first and second post-axillary joints inter- 
polated between them and the i-adials. Xow in the 
Atelecriniche and Antedoniche, and in ten-armed 
species belonging to genera in other families (which 
are constructed upon the same ])lan as the universally 
ten-armed genera and species of Atelecrinidre, and the 
primarily such of Antedonidie) we are so fortunate 
as to find additional pi*oof of the correctness of this 
analysis of the proximal arm structure. In certain 
species, such as Perometra dlomedea\ enormous tuber- 
cles are developed at the between Z^ and Zo ; 

these are always repeated on the synarthry between the first and sec- 

^ Advlonictra niujusUradla mid oeeihsioiially specimens of AntedoH hi/ida 
have more than ten arms, their structure hein^ then similar to that of the 
Ilimeronietridje, and multihrachiati* comatiilids in jreneral, (‘XC(‘]»t Comnsicr 
(see below) ; Antedon (restricted), considered by Doctor ("arpenter as a primi- 
tive type, is in reality one of the most specialized genera in the family, ap- 
proaching the Ilimerometridte in many ways. 




F I G. IS. — atele- 
cuinid-e; Ate- 

LECKINU.S. 




Fig. 17. — Antedo- 
N I D A3 ; Helio- 
JIETUA. 




Fig. K). — Zygo.met- 
ItlD.E ; Catoi-to- 
.METRA. 
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ond (nxillary) post-radial joints, hut nowJiere else; in Tropiometra 
and Zo are disproportionately lai-ge and broad, and Are find the 
first and second (axillary) post-radial joints 
similarly enlarged; any ornamentation or cari- 
nation of Z^ and Z., is ahyays duplicated on the 
tAYo preceding joints. 

Passing now to the Comatnlida Avith more 
than ten arms (excepting CouHister )nariw^ 0. 
-limbriata, C, copputyeru (\ boeueejtsis^ C, 
multiradiata^ C. loieeusU, V. sentosa, C. lineata^ 
and C. diseoidea) (figs. 1.5, IG, 19, i^O, *22, and 
28) ; these mnltil)rachiate foians are ahyays ten 




F I o. 10 . — Thalassomet- 
kid.e; Ciiaritometra. 



armed until of consideral>le size, Avhen, by a 



process of autotomy, the arm is cast oft' at the 
spnarthry (or syzygij) betAYoen the third and 
foiulh post-radial (fii'st and second post-axillary) joints, or at the 
syzygy betAYeen the fifth and sixth post-radial (thii*d and fourth post- 
axillary) joints, and from the 
stump an axillary gro AYS replacing 
the cast-oti' arm by tAYO oi* more. 

This process of arm reduplication 
by autotomy AYas described by 
]\linckei’t in 1905, but AYas in- 
dependently discoYered by the 
present author through obserya- 
tions made on quite different 
material before ^linckert s paper 
AYas consulted. In the Coma- 
tulida. as is aycII knoAYii, the 
yarious diyision series " of the 
arm oi* ray betAyeen the first 
post-radial axilla it (second post- 
radial joint) and the free un- 
dirided arm are composed of either tAYO or four joints. If of tAYO, 
they are united either h\ synaHkry ov syzyyy ; if of four, the third and 
foui-th are alAYays united by syzygy, AYhile the 
first and second are almost aliYays united b}^ syn- 
arthry, but occasionally are united by syzygy; 
the tAYO paii‘s, the first and the second, and the 
third and the fouilh, ai*e united by a straight 
7nuseidar articulation betAYeen the second and 
third. Xo matter hoAY many axillaries may 
interATne betAyeen the radials and the free nn- 
diyided ai*m, aa e are aheays able to i*ecognize Z^ and Zo as the first aiid 
second joints beyond the last axillary; and AYhen the diAdsion series 




Fig. 20. 11IMEROMETRID.T3 : III MEROM ETRA ; 

als(>, Comasterid.e ; Ppiaxugexia. 




Fig. 21.— (’n.MASTERIL.E { 

Comatula. 
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are all of two joints, joined by synarthry (or, more rarely, syzyyy)^ 
the distal faces of the axillary are always straight mascidar artirala- 
tions, Tims we see that, whereas in the Antedonidie and ten-armed 
genera and species of other families (except the Pentametrocrinidie 
and Uintacrinidie) the first post-radial joint and the axillary are 
merely repetitions of and Z., interpolated between Z^ and the ra- 
dials, so we find that all the division series, no matter how many 
there are, are all additional repetitions of Z^ and 
Zo, interposed between the true Z^ and Z. and 
the first post-radial reduplication of those joints. 

AVhen the diyision series consist of four instead 
of two joints, it is merely a case of a doubling of 
the more common primary two, so that, instead Fif"-22.—coMASTERiD.^ ; 
of single division series of two joints the division 

series are doul:)le, the two component pairs being united by a straight 
masralar artirnlatio)i like that on the distal face or faces of the second 
joint of a division series of two joints only. It is interesting to note 
that in TliaJassomctra gigantea, in which species Z., bears a very sharp 
median keel, (piite lacking on all the other joints of the free undi- 
vided arm, this keel is repeated on the second post-radial joint (first 
axillary), the second and fourth (the latter an axillary) joints of 





Fig. 2.3. — Com ASTER IDA!] ; Comatula. 



division series of four joints (the remaining first and third joints 
being quite without it), and the second joint of division series con- 
sisting of two joints. 

In the young ten-armed stage of all comat ulid^, so far as T Inn^e 
been able to find out, Z^ is ahvays the first post-axillary (third post- 
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nulial) joint, and Z. the next following; succeeding Zo are two joiiits 
united by syzyrfy: now Z. always has distally an ohliqiie muficmJar 
articulation: but a 4 (3+4) or 4 (1+2; 3+4) second post-radial 
division series always has the two component parts separated by a 
straight muscular articulation ; the explanation appears to be that 
when an ohllque muscular articulation on the distal face of Z^, 
through autotomy taking place beyond it, comes to occupy the posi- 
tion of a straight muscular arta ulatloiu the dominance of the latter 
asserts itself, and the ohllque muscular articulation of the young 
gradually transforms into the straight muscular articulation of the 
adult. 

Now, since the second (and following) post-radial division series 
of the comatulid arm are frequently doubled, appearing as 4 (3+4) 




Fig. 24. — CoMA.sTEHir>.Li ; Comaster. 



(figs. 15, IG, 10, and 20) or 4 (1+2; 3+4) (fig. 23) instead of 2 j 

(fig. 22), we should expect that the first post-radial division series ji 

would occasionally be doubled, since it is morphologically comparable i 

to the more distal division series, and we find that such, though ) 

rarely, is the case; for Carpenter" records that in one ^^Antedon^'’ ? 

that passed through his hands “ one of the rays consists of five joints, ' 

the axillary being a syzygy.'' ’ i 






ChaUen^er liei»orts, XI, Zoology, i>. 51. 
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In Comaster marla\ C. fi)nhru(fa. C, eoppuKjerL C\ hornceasts, L\ 
maltiradiata, C. iowensis^ C. sertosa^ C, Vnieafit, niul C. (Hscoidea (fig. 
24), and in a number of iindeseribed species from the West Indies, 

I we find a somewhat anomalous comlitioii; the second post-radial divi- 
I siou consists of four joints, 4 (8-f-4) ; but the next joint succeeding 
I the second post-radial axillary bears a })innule, whether it be the first 
[ joint of another division sei'ies or the first joint of an undivided arm; 
in othei‘ words, all the joints following the second post-radial axillary 
ai'e pinnulate, except of course, the axilla ries. It is at once evident, 
then, that the first joint in the free undivided ai‘in (*aii not be Z^, for it 
bears a {oblique) museular artieulatiou inst(‘ad of a nonmusiidar 
artienlation distally. Where, then, is Z^ ? The articulations subse- 
quent to the first ])ost-radial axillaiy are, straight mnseaJae artieala- 
iion^ by which the first post-radial axillary articulates with the next 
succeeding joint, sguarthrij connecting that joint with the next; 
oblique museular artienlation, sgzygg^ and, on the distal faces of the 
axillary, oblique museular artimdafions. By the application of our 
definition, we find that Zj and Zo are the first and second joints fol- 
lotring the first post-radiid axillary, instead of the first and second 
joints of the free undivided arm, as we found in all cases heretofore. 
The axillaries and division series subsequent to the first ])ost -radial 
axillary are, therefore, not mor])hologically homologous with the first 
division seides, and the division series in all the other forms which we 
haA^e considered, although, of course, they are ])hysiologically analo- 
gous. We ma}^ designate the division series formed by the presence 
of repetitions of Z^ and Z. interposed betAveen the primitiAT Z^ and Z^ 
and the ra dials as interpolated dirision series^ Avhile division series 
formed by a splitting of the arm at a certain joint, Avhich therefore 
becomes an axillary, may be called extraneous'^ dirision series. 

It seems to me that such a radical departure from the ordinary 
comatiilid type of interpolated arm division occurring in a group of 
s]:>ecies entitles them to i‘e(‘ognition as a Aailid genus, more especially 
as Metaerhms has been separated from Isoerinus along exactly sim- 
ilar lines; and, since a generic name has been based on a species in 
each gi'oiip of the genus Comaster, T propose to reinstate LoA’eids 
name Phanogenia, and to consider the family Comasteridie to l)e 
naturally divisible as folloAvs: 

I (A. Synarthries all replaml by syzy.^ies Comatiu.a ( ti.cs. 21, 22, and 211) 

I Syiuirtbries present between the first two post-radial joinls. 

//. iutevnuUitfd arm divisions throiijxhoiit IUianooenia (bix. 20) 

; Ir. first linn division inter poUitcd, ail followinjj: aster ( fi;Lr. 24) 

® From c,rirancus, external (in referenee to Zi and Z-) as opi)osed to intcr- 
polated (between the radials and Zi). 
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The described species would therefore nrrun^-e themselves as fol- 
lows : 



COMATULA Lamarck, 1816. 



(ienoty pe, — Comat ula Solaris Lamarck, 181G. 

Comatulu (Usthwta (P. II. ( ’arpeiitor ) . Comatnhi paucicirra (Boll). 
Conuttulii mulUhvitchlutd (\\ II. (’nr- ComatuJa ]nvtinut(i (Liimn'iis). 

l»entor). Cduiatuhi Solaris I^nninrok. 

Co)iuituIa notata (P. H. (T^arpontor) . 

PHANOGENIA Loven, 1866. 



Genotype, — Phanogenla typlca Loven, 18GG. 



Phanoipoiia nhiia ( Puiirtalos) . 

PliaaopcHia alter nans (P. II. Carp(Mi- 
tor ) . 

Plianoprtiia heJU (P. II. I’arponter). 

Phano(/rnia hennetii (J. Miillor). 

Phanotjenia hriarcus (Bell). 

Phanopnna varpenteri (A. II. (’lark). 

Phanoprnia divarieaia (P, II. Carp(*n- 
ter ) . 

Phanoycnia duplex (P. II. Carpenter). 

Plianoyi’uia ceJiinojiiera (.1. MiilUn*). 

Phanoycnia elonyata (P. II. Carpen- 
ter ) . 

Planioycnia yracilis ( Ilartlanb). 

Phanoycnia yrandiealy.r (P. II. Carpen- 
ter). 

Phanoycnia japonica (.1. ^Biller). 

Phanoycnia )ncridionaHs (Ai;assiz and 
Agassiz). 

Phanoycnia littoralis (P. II. Car])on- 
tor). 

y ai a )i oycn ia ni a cro hra ch i u s ( I la rt la nl > ) . 

Phanoycnia niaculata ( P. II. Carpen- 
ter). 

Phantnjenia inayni/ira ( P. II. (’arpen- 
ter) . 

COMASTER L. 



PJoinoycnia nohilis (P, II. Carpenter). 
Phanoyniia inn'a^-yninca^ (.1. Miiller). ' 
J'ha noycnia oricntalis (A. II. C^ark). | 
Phanoycnia ]>arricirra (.1. Miiller). 
laiauoycnia peronii (P. II, (’arpenter). 
Phanoycnia (/uadrata (P. II. Carpen- 
ter). 

t*hanoycipa rcyalis (P, II. Cari)enter). 
]*hanoy('nia rohustijntnia (I*. 11. Car- 
penter). 

Phanoycnia, rolaluria (Lamarck). 
Phanoycnia ruhiyinosa ( Pourtales). 
PJtanoycnia sehlcyclii (P. II. Carpini- 
ter). 

Phanoyniia serrata (A. II. Clark). 
Phanoycnia solastcr (A. II. Clark). 
Phanoycnia stclliycra (Ik II. (’arpen- 
ter ) . 

Phanoycnia irichoptcra (.1. Miiller). 
Phanoycnia typica Loven. 

Phanoycnia ralida (P. II. Carpenter). 
}*hauoycnia rariuhilis (Bell). 



Agassiz, 1886. 



Genotype, — Comat nla maltlradlata Lamar(‘k. lSK>=^Ls'/cmLS' ]nut- 
tiradlata Liiimeiis, 1758. 

Coinasfcr horncensis (Cnibe). (^omastcr inari<r (A. II. Clark). 

Comaslcr coppinycri (liell). t'oinashr inultiradiata (Lininens). 

Coniaslcr discoidca (Ik II. C'arpentta*) , Cornastcr senfosa (Ik 11. Carpenter). 
Comaslcr funhriata (Lamarck). Comaslcr lincafa (Ik II. C’arpenter). 

(\)inaslcr ioiccnsis (Springer). 

TTavino’ disciis.scd all tlu^ types of arm division commonly found in 
the Comatulida, 1 now pa.ss on to the stalked crinoids, after calling 



linos of contact of the 
while I have already 
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attention to two points of intei*est. In Uhitacriinfs which 

is most nearly related to the Comasterida\ the ])ecnliarities of the 
piniudation® are at once explained if we consider and Z. to be 
the thii*d and I’oiirth joints after the axillary, instead of the first and 
secoinh as wonld be ex|)ecled; moreover, the size and the shape of 
the joints and the examination of the external 
articulations lead ns to the same conclusion, 

.shown ^ that the abnormalities re- 
corded by ilr. S]iriiii>(‘r in liis mono- 
graph of the genus again favor this 
interpretation. The arms of rinta- 
(‘nnus^ therefore, after the costal 
axillaiy, resemble those of Eudiocrlnuft 
in having a repeated Z^ and Z. 
series of wliicli the second is not an 
axillary. I have already^ called 
attention to a similar state of affairs 
occurring abnormally in a specimen 
of Ileliomitra tanueLi, It was stated 
that mnsculai* articulations were oc- 
casionally divided, so that an axil- 
lary was formed giving rise to a 
pair of arms instead of to a single ann. The thought naturally 
arises, does the straight mnscnlar artieidation on the distal face of 
the radial ever divide; r‘ind do the ohliqae musauJar artiralatioas of 
the distal part of the arm ever divide? In answer to the hrst que.s- 




Fig. 25. — riNTACRi.xiD.?: ; 

NUS (.VDArXED FROM SPRINGER) ; 
THE INTERRADIAL • ' AND INTEU- 
RRAClllAL I'EATE.S ARE OMITTED SO 
AS TO MORE CLEARLY BRING OUT 
THE ARMS AND PINNULES. 



® In rhifucriilus the first iiinnnle is on the second post-axillary joint, the next 
on the fonrtli, and on the oprosiie shir of the arm. Now, these pinnules are 
separated by two articulations. Were they both tnitscalar, they wonld. so far 
as the i»ositiou of the pinnule is concerned, counteract each other, and the 
second jiinnnle would l>e on the same side as the first; were th(\v both non- 
mn^srnJnr neither would have any effect on the pinnulation, and the second inn- 
nnle would a.i;ain be on the same side as the first : hut it is on the oi>posite side; 
therefore, one of the articulations must he niiisei(l(U\ and the other nonniusciilnr, 
A pinnule can not he developed at a noninitseulnr articulation; tlunadore, the 
articulation at the distal end of the second post-axillary joint is mnscnUir; 
hence tlie articulation between the third and fourth iiosl-axillary joints must 
he nonnu{Scul(u\ either a sunarUnii or a si/zirju. In the comatulids, the pin- 
nule on Z 2 is almost universally different from that on all sncceediiiL? lirachials, 
Init resembles those on all the interpolated rejietitions of In Cinfaerhuot 
the. second pinnule resembles the first, and not those following; (in size) ; hence, 
the conclusion is reached that the joint which hears the second jiinnule is 
homologous with that which hears the first, and that the first and second post- 
axillary joints in Uhifaeruius are an interiiolated Zi Z> series, of which the 
second is not, as is usually the case, an axillary, 

&Proc. II. S. Nat. Mus., XXNIV, p. 2G0. 

^ Idem., XXXIV, p. 2G7. 
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Fig. 20. PEXTACRINITIDiC 

F.NDOX(>ci:ixrs. 



tion. Carpenter® mentions a specimen of Phanogenia (data {^^Acthio- 
mctra pulchella^') in which one of the radials is an axillary sup- 
porting two post-radial series, and 1 have recently recorded a speci- 
men of Ileliometra maxima which presents the same condition : more- 
over it is probable that Promachocrimis and 
Decametroerhius originally came into ex- 
istence through a division of the muscular 
articulation on the distal end of the radial, 
which later became more and more firmly 
fixed, finally resulting in a division of the 
radials themselves, so that the two genera now 
have ten radials instead of the original five. 
If this were true we should expect reversions 
to occur, and Promacliocrinns to sometimes be 
found with one or more radials single instead 
of double, and Ijearing a post-radial .series 
comparable to those in Ileliometra^ the most closely allied genus; and 
Decametrocrlnas to occasionally occur with fewer than ten rays, thus 
approximating the most nearly related genus, Pentametrocrlnu^ ; 
and it is somewhat remarkable that, considering the small number 
of specimens I’epresenting species 
of these two genera which has 
been discovered, one, the type of 
Deeametrocrhuis rago-^im^ should 
be only nine armed, through the 
persistence of one entire radial 
(the right posterior), and the 
division of the remaining four. 

Lsocrlous (fig. 27). — In Iso- 
erlnus )t(iresl(nuts we find a con- 
dition exactly similar to that de- 
scribed for the Atelecrinidic and 
Antedonida^: and are the 

third and fourth post-radial 
joints, or the first two joints fol- 
lowing the axillary. In Isocrlmis 
wyrllledliomsoni. /. parne ( = 

Pentacrlnus milUerl mac- 

learanas)^ /. aJternleirrus^ and /. 
slbogce (fig. 2G) Z^ and Zo are the 
first and second joints of the free undivided arm. The arm structure 
is therefore similar to that described for the comatulids Avith more 
than ten arms, excepting those in the genus Comastcr; in these species 




Fig. 27. I’ENTACKINITID.E ; ISOCRIXUS. 



Challenger Reports, XXVI, Zoology, p. 27. 
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of Isocrimis all the synarthries are replaced by syzygies, and all the 
divisions are interpolated, consisting of two joints. Isorrinns decorus 
and /. hJakei, in the ten-armed immature state, are exactly similar in 
arm structure to Isocvwhs varesianus and the ten-armed comatnlids, 
excepting Uintacrinus and Decametroer'mus. In the adult multi- 
brachiate condition, however, instead of adding interpolated joint 
pairs as in the comatnlids and in the species of Isorrinns just con- 
sidered {parra\ icyviUedhomsoni, (dternicirrns, and sihogw) , the 
arm branching, as in /. astcria (fig. 27), is of the extraneous type, as 
in Comaster (as restricted), and Z.^ 
remaining always the first and second 
joints after the first axillaiy, or the third 
and fourth after the I’adial, as was 
found to be the case in Comaster; and, as 
in Comaster, the syzygv between the two 
joints following Zo is morphologically the 
syzygy between the third and fourth joints 
of the undivided arm in the ten-armed 
young, and comparable to the similarly 
situated syzygT in all ten-armed comatu- 
lids, while in Phanogevia and other forms 
in which the second division series is of 
four joints, the two outer united by syzygy, 
the syzygv is morphologically homologous 
with the synarthry between the first two 
joints in the free undivided arm, and all 
other syzygies and synarthries ])roximal to 
it. In other Avords, the syzygy betAveen the 
third and fourth joints after the first 
axillary in Comaster^ Isorri)ins blakei. /. 
decorus^ and /. asferia, is homologous AAuth 
the first syzygy in the free undivided arm 
in all other forms (except in cases Avhere 
the first syzygy replaces a synarthry) and 
with no other, no matter hoAv many syzy- 
gies may intervene betAveen that syzygy 
and the radials. 

An extraneous division, arising as it does from a diAusion of the arm 
at an oblique muscular articulation.^ might reasonably be supposed to 
be of someAvhat uncertain nature in the position of the succeeding 
axillaries, because of the fact that all the arm joints after Zo, except 
occasional syzygies, are thus articulated, and, of course, catit such 
articulation is a potential axillary; and, as a matter of fact, this is 
the case; Avhile in the ty|)e of Comaster considered the division Avas 
regular in the number of joints betAveen successive axillaries, in 




Fig. 28. rENTACRINITID.E ; 

Metacuinus. 
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Comasfer mari<t and in a specie.s mentioned, but not named, by Car- 
penter® (of which I have been able to examine specimens), it is very 
irregular, and in Isocrimts hlakei. decorus^ and asterla it is usually 
more or less, and sometimes very, irregular, especially in the last 
named. In all the species in which extraneous dlrision occurs, the 
irregularity increases with each successive arm division, so that, in 
J/etaerhius and in Isoerinus asterla. with their numerous division 
series, the later division series are of very numerous joints, and 
much more variable than the division series of /. hJal‘el and I. de- 
eorus. whose most divstal series correspond to one of the more proximal 
series of I. asterla and Meta(‘rl)nis. 

Metaerlnus (fig. 28). — The si)ecies of Jletacriniis are remarkable 
in possessing a tv|)e of arm structure ditferent from any we have 
considered. There are no synarthries in the Metaerlnus arm; the 
first two post-radial joints are always united by sijzygij (the second 
bearing a pinnule), the second and third by an oblique muscular 
articulation; all the subsequent articulations are oblique musculai\ 
Avith the exception of occasional syzygies. Therefore and Z.^ arc 
recognized as the frst two po^t-radlal joints, occupying the same 
position in AAdiich Ave found them in Pentametroerlnus^ Decametro- 
crinus. and the peculiar Thauni(do<uunurS ; but Avhile in these genera 
the arms are undivided, in Metaerlnus. extraneous division always 
occurs, often as many as five times. All the axillaries in Metan^lnus. 
therefore, ahvays hiixe the proximal and both distal faces oblique 
musndai\ Avhile in Isoerinus blakel. deeotms, and asterla. the hrst 
post-radial axillary has straight muscula)‘ faces, distally, synarthrial 
proximally, the remainder all oblique muscular; and in /. wyvllle- 
thomsono /. parra\ 1. cdternlelnnts. and /. slbogw all the axillaries 
haA^e distal faces Avith straight muscular articulations and proximal 
Avith syzyglal. Xoav, in the young stages of most of the comatulids 
and in the genus Isoerinus Avhere the adults are multibrachiate, the 
young haA^e only ten arms, Z^ being separated from the radials by a 
single interpolated series, representing an additional Z^ and Z. : in 
adult life, Z^ is, in most multibrachiate comatulids, and in Iso- 
erinus wyrllle-thomsonl. /. parr<e. /. alternlelrrus. and /. slbogw^ 
separated from the radials by a number of Interpolated diAUsion se- 
ries: in Comaster (as restricted) and in Isoerinus blakel. deeorus. 
and asterla. Z^ remains in its primitiA^e position, Avhile extraneoifs 
dlrision occurs beyond it; but in Metaerlnus Z^ is always tire first 
post-radial joint, and is never separated from the radial by an inter- 
polated series. This is interesting: for the ten-armed young stage 
of multibrachiate forms depends on the presence of a single inter- 
polated sei’ies, and, as this series (Avhich invariably persists in after 
life) is absent in Metaerlnus^ the natural inference is that Meta- 



® Challenger Reports, XXAU, Zoology, p. A2S. 
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crinuH^ in its young singe eonvsponcling to the ten-anned condition 
of lHOcrhun:i^ Inft fire (Uiihs; conse(inent ly we await with more 
than usual interest- the discovery of tlie very young of 

This result of the analysis of the arms in Isoerhuis and Metaerteea 
raises the question, are they really so diti'erent as is commonly suj) 
posed? Is the sepai*atioii of li^oerhnes and M ctaeriunH as at })resent 
understood natural? Both these queslions must be answeivd in the 
negative. Metacrhius was separated from Isocrinus because of its 
more numerous radials,'" the homologies of the joints not being con- 
sidered. Thus it appeal's that Isocnniix hlakel^ /. <leeorn,^^ and /. 
asterla (to which must be added /. nurcHlamii^) ai*e intermediate in 
structure betwx'eu Isoer'mus wy oUlc-thomso)d^ L parnv^ L aJfernl- 
clrrus^ and /. Hihoya\ and the numerous species of the genus Mefn- 
^ erhnfs. The L asferia group lias and Zo united by synarthry, and 
( separated from the radials by a single interpolated series; e,rfrane- 
U//N (Urisioe occurs distal to Z. ; the /. panre grou}) always have the 
I syiKirfhries replaced by ^yzyyle^^ and Zj and Z^> always in the free 
undivided arm, sepai'ated from the radials by a series of htterpohifed 
dirisions^' crdi^ancouH dlrisionn never occur. Metaevinns has Z^ tlu^ 
* first })o.st-radial joint, no interpolated series, but all the arm divisions 
extraneoas ; the single possible s}/)Larthry is replaced by a syzygy. 
The interrelations of Metacrinus^ the Isoerinas arteria, and the /. 
parviv groups, may be summarized as follows: 



Metacrinus (fls:. 2S), 

No syuarUiries. 

Zi lirsl post radial joint. 



tJd'trancoufi division only. 



I. astcria (lig. 27). 
Synartbries present. 

Zi third post-radial joint. 



OiK' in f < rfml(t trd s(*ri(‘s only ; 
distal divisions (’.r(r<nie- 



/. parrw (tig. 20). 

No syiiarlbrios. 

Zi separat('d from (ho ra- 
dials by numerous infer- 
}H)fat('d s('i'ies. 

All intcrpufnted divisions. 



oj/.v. 

It is })laiu that the Lsorrinas parro' and /. asteriff groups are as dif- 
• ferent from each other as Metarrlnn'^i is fi’oni the latter; and if Mda- 
' erimiH is to be recognized as a valid genus, the Lsoerinan parra‘ .and 
/. afiteria grouj)s should also be ke})t sc|)arat(‘. Tivating these three 
: divisions as of etjual value generically, it is interesting to find tluit 
they fall into definite faunal areas, and occu])V (‘haractcM'ihtic bathy- 
metric altitudes. The three divisions, with the species in each as 
no^Y understood, tu*e as follows: 

, Zi aiul Za tlu‘ ttrst two post-radial J(dnts, not repeated: all arm division 
Cd-trimcous : second post-nidial .loint not an axillary, Imt hearing a ])innnU*: 
basals very broad, foianing, when viewed dorsally, a ronnde<l i)entagonal 

figure; infrabasals large and prominent'^ Meta(munus (fig. 2S) 

I tr, Zi and Z 2 repeated at least once; the second ])ost-radial joint an axillary. 

Zi and Z 2 the third and fourth post-radial joints; infrabasals present? 
c\ One interpolated series only; basals broad, fonniiig, when viewed dor- 
sally, a rounded pentagonal figure; infrabasals? 

Hypalockinus ( c/. figs. 11 and IT) 

® Infrabasals have been found in J7. serratus by I>(>derlein, and in J/. snperhus 
and in several specimens (all dissected) of .17. rotundns by Clar’x, 
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r^ OiK* n\1cri)<ttn1<d seri<'s, followed by oik' or more cximucous seru*s; 

basabs narrow, foriiiiii.i^, in dorsal view, a rounded stellate tii^ure; , 

infrabasals lari^e and ]»roniinent" [socrinus (fig. 27) * 

f/b First two ]K)st-radial joints united by syzygy ; lower pinnules serrate; j 
reentrant angles of stellate figure formed by basais shallow. 

[subgen ns Vcnocrhi ;/,sl 

(F. First two post-radial joints united by synartbry; lower ])innules 
smooth; reentrant angles of stellate figure formed by basais deep. ) 

[subgenus iHOcrUius] 

Zi and 7j2 the first and second joints of the free undivided arm, separated 
from the radials by two or more intcrpoUticd series: infrabasals 
always ( V) absent ^ Endoxocrinus (fig, 26) 

Genus METACRINUS P. H. Carpenter, 1882. 

(reymfjjpe, — M vfar'rli) ux uu/rHJ}} P. 11. (^ti*])en(er, 1884. 

(rco<fraphfr((J dJsfrihftfion, — Northern Australia and East Indies 
nortlnvard to Japan. 

Depth .- — ()0 to ()80 fathoms: 

Inrhuted species: 



llrtncrinus (t cut us I Kklerlein. 
Mrf(t(^rhius uuffuJtftus \\ II. Parpenter. 
MctdcvUius ciuf/ulat us P. II. Parpenter. 
M('f(t(‘riuus costafus P. H. Pari)enter. 
Mrfai‘ri}ius initslci/} P. II. Parpenter. 
Mrfacriuus murraifi P. II. Par])enter. 
M. iuurruifl. var. nohlUs P. II. Parpen- 
ter. 

.17. murmiji, var. thuorcusis Dbderlein. 
AIrfa<u’inus uodosus P. II. Parpenter. 
Mcf<tcriuus rofundus P. II. Parpenter. 
J/. nduudus, var. iufn-ruid us V. 11. 
( 'a rpenter. 



Mrtucrinus scrrafus Dt’Klerlein. 
Mrtucrijius stnrurti P. II. Par])enter. 
Mctucrinus sulucusis Pbderlein. 
Mctitcrinus supcrhus P. II. Par]>enter. 
.17. suiicrhus, var. borealis^ A. H. Plark. 
J7. sujicrhus, var. t uhcrculatus ^ A. II. 
Plark. 

Mctffcriuus fuberosus I\ H. Parpenter. 
Mefueviuus ruriaus P. II. Parixmter. 
Mctucrinus icifVilUi Ib II. Cari^enter. 



Genus H YP A EOC R 1 N U S, new. 

(t( )i of ype.^-Dntf ((r i f n Ks hon s}<unis E. H. (''arpenter. 1882. i 

(hoyrnphirnJ dtstrihotion. — Kerinadec Islands, Meaipiris Islands, 
Fiji, Celelies, and Philippines. 

Depth . — oOO to [,2>50 fathoms. 

In fifteen si>eeimens of 7. dnstrus, including a very small ten-armed s])ecimen j 
\\dth arms 2o mm. long the infrabasals are large and prominent, showing no 1 
trace of resorpti<ai : material of othm* species was not available. 

^Infrabasals are absent in all sjiecimens dissected, including one with arms 
only 25 mm. long. 

^ This variety differs from the typical form mainly in having the division 
series and arm bases smooth instead of very rough. 

‘^This form has tlie division series with strong tubercles, but otherwise resem- 
bles the preceding. 
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Included species : 

IlypalocrhntH nurcsiaiuis (1\ II. C'Mrpriitor). 

Genus ISOCRINUS, L. Agassiz, 1836. 

(renotijpe, — Isocrhuis pend ulus vod ^Leyer, 1837. 

S\ibgemis CENOCRINUS Wyville Thomson, 1864. 

Genotype, — Enevlnus capuUmedusiv Lnmni’ck, 1810 (=:/.s'/.v astevia 
LiiimiMis, 1T()()). 

Geographical distribution , — Caribbeiui Sea and (lulf ol Mexico. 
Depth ,- — 30 ( ?) to 3i!0 fatlioin.s. 

I nclu ded s pe c i es : 

J.sorrinus {Vnfo<-riuKs) nslrriu (Liiniieiis). 

Submenus ISOCRINUS L. Agassiz, 

Geographiral distribution , — Caribbean Sea and Cnll of ^lexico. 
Depth , — 07 to ()G7 fathoms. 

Included species: 

Isncvlnus {I.sorrifiu.s) blalcei (P. II. Carpenter). 

Jsocriniis {I.socrini(s) dccoras (Wyville Thomson).® 

Genus ENDOXOCRl N US, new genus. 

Genotype, — Enn'i}tus panuv Gervais, 1835 {^ — Dentanunifs niidloi 
Orsted, 1850), 

Geographicid distribution , — AVest Indies and Gulf of Mexico, Al- 
lanti(‘ coa.sts of southern Euroi)e and northwest Africa (including 
the outlying islands), and East Indies to Timor, the Philippines, the 
Kermadec, and the Meangis Islands. 

Depth . — liO to 1,005 fathoms. 

Included s})ecies: 

Endo.rnrrinn.s nUrrnicirni.'^ (P. 11. Eiido.roiriftus sihofi<e ( 1 >r>(IerleiiO . 

Carpenter). Endo.roerinn.s n'ln'illr-tUontsoiu (Wy- 

Eiido.rtfcriuus nurra (Cervais).^ ville-Tlioiiison) . 

®Also many fossil spcvies. 

^ Rodurrinus niiiUrri (h'sted is a synonym of (his species; I\ mcudcaranus 
Wyville Thomson is merelj’ a rather strongly marked variety. 



